The goal of this investigation is to study, in the line of previous works, the level of velocity fluctuations in different scenarios of the TJ-II stellarator. The method followed consists in measuring the apparent Doppler temperature of C 4+ and protons with high spectral resolution techniques with spatial resolution. The level of turbulent velocities in the plasma has been deduced from the difference observed between the apparent temperature of both species, following a method previously presented and borrowed from astrophysics. The study of this difference, as a function of plasma density and injected power, provides a way to explore if this turbulence plays any role in the confinement of the hot TJ-II plasma. 
Introduction
The confinement scaling laws in stellarators depict general trends [1] , which need to be understood from basic mechanism accounting for them. Global confinement time studies in TJ-II permits its parameterization in the same way as data from other devices, but as anywhere, its behavior with density, absorbed power etc., is difficult to understand from the point of view of neoclassical or any other theory. In addition, we do not dispose of a simple parameter or small set of them that can be used to predict the global confinement clearly. The study of velocity fluctuation levels in the core of TJ-II intends to contribute to shed some light on these mechanisms and to figure out whether they follow any trend comparable to that of global confinement.
These velocity fluctuations, or nonthermal velocities as termed in astrophysics, to which the spectral line width are sensible with a different strength depending on the ion mass, can be difficult to observe using standard techniques to monitor plasma fluctuations, since they are typically sensitive mainly to density fluctuations. Therefore, the limitations of the present approach are compensated for its uniqueness and by the use of high-resolution spectral techniques available for other purposes.
The goal of this investigation is to study, in the line of previous works [2] [3] [4] , the level of velocity fluctuations in different scenarios of the TJ-II stellarator. The method followed consists in measuring with spatial resolution the Doppler broadening of protons and C 4+ with spatial resolution, such as it has been explained in former publications [5] [6] [7] . The level of turbulent velocities in the plasma has been deduced from the difference observed between the apparent temperature of both species, following the method previously presented in [2] and borrowed from astrophysics. The study of this difference, as a function of plasma density and injected power, provides a way to explore whether this turbulence plays any role or at least correlates with the confinement trend of the hot TJ-II plasma.
Experimental
This experiment has been carried out in the TJ-II flexible heliac. It is a four-period, low magnetic shear stellarator with major and averaged minor radii of 1.5 m and ≤ 0.22 m, respectively. Central electron densities and temperatures up to 1.7x10 19 m -3 and 1 keV respectively are achieved for plasmas created and maintained by ECRH at the second harmonic (f = 53.2 GHz, P ECRH ≤ 400 kW). Additional heating is provided by two neutral beam injectors: NBI_1 and NBI_2 parallel and anti-parallel to the toroidal field (up to 400 kW from each NBI). With NBI heating, the typical central density and electron temperature are 2-6x10 19 m -3 and 300-400 eV.
The spectral line shapes of intrinsically impurity ions have been recorded in TJ-II plasmas by means of high spectral resolution spectrometers viewing the plasma perpendicular to the main magnetic field by means of fiber guides. The spatial resolved measurements are achieved with 9 equal-spaced channels separated 25 mm and with a horizontal orientation as shown in Fig. 1 of reference [5] . The experimental system and data analysis methods are described in [6] and [7] .
The main assumptions implicit in Doppler broadening studies of ion temperature are:
impurity ions are thermalized with protons: the Zeeman effect is negligible or can be corrected for; and other broadening mechanisms, such as Stark effect, are negligible because of the low densities involved in this magnetic confinement device. The thermalization time between protons and other ions has been estimated assuming solely Coulomb collisions [8] and is fast enough to keep the same kinetic temperature for all the ions: impurity and protons.
The nonthermal velocities fluctuations and its differential influence on spectral line widths
The idea that plasma turbulence can influence spectral line width was suggested many years ago by Struve. Since then, it has been widely used, and with increasing sophistication, in astrophysical plasmas not only to understand the Doppler line width of emission and absorption lines, but also to quantify the level of velocity fluctuations caused by waves and stochastic turbulence in a variety of stellar objects. In particular, many papers can be found on this subject with the goal of understanding the anomalous coronal heating; as a recent reference on this problem we can mention, for instance [9] and references therein. In contrast, less work has been carried out on this subject in laboratory plasmas, although many experimental observations are very difficult to understand if you do not consider the nonthermal velocities effect on Doppler broadening; in particular, in ranges of temperatures where they can be observable. We have dedicated some effort to this problem previously [2] [3] [4] and now that we have spectral system with spatial resolution we have started to look at the TJ-II spectroscopic data from this perspective. The first attempt presented here tries to show the clearest evidence of its influence and its correlation with interesting aspects of TJ-II confinement. In a rather low density 
Comparisons between global behavior of C V and proton temperatures
In order to illustrate the effect discussed here, we will present first central chord data displayed as a function of density. Afterwards we will focus on a few selected profiles of the type we are going to use to show the structure of the turbulence and its correlation with plasma confinement. We depict, in Fig. 1 (a) , as a function of the line-averaged density the behavior of the C 4+ temperature along a central chord deduced from its Doppler broadening, ignoring for the moment the possible effect of plasma turbulence; their values correspond to the full points of this last figure. The proton temperature obtained, by an independent and well proved traditional diagnostic such as a neutral particle analyzer (NPA), also along a central TJ-II chord, is represented by the full triangles in the same Fig. 1 (a) . Specific details regarding to the latter diagnostic and its results can be found in [12] and references therein. Even if we do not have common points at all densities, the trend behavior of those data sets is clear in particular at densities beyond 1x10 19 m -3 , where we will focus, in the posterior part of this work, the physical discussion. The lower electron temperatures (T e (0) ≤ 400 eV) in this density range (≤ 400 eV)
favors that the C 4+ emission is coming from the core although if doing the correction due to the chord averaging effect is almost constant and a factor 1.4 higher; what goes in the direction that the observed effect in chord averaged results would be higher with local values. On the other hand, since the NPA data analysis is carried out, after doing the appropriated corrections, in an energy range a factor 5 to 10 higher than the expected ion temperature, they represent directly local values.
A similar effect is seen if we do a similar plot with temperature data of C 4+ and protons, Fig. 1 (b) , obtained in this case directly from spectroscopy in the way described in reference [7] .
The proton temperatures obtained by the spectroscopic method are very similar to those obtained by the NPA, as can be seen in the data depicted in Fig. 1 (c) , where we have plotted spectroscopic deduced values versus NPA temperature results for a set of TJ-II discharges. The spectroscopic data in that figure are, on averaged, approximately 10 % higher than those provided by the NPA. Since the spatial analysis of the fast neutral emission, from which the spectroscopic data are deduced, are much more difficult to handle than the impurity emission, we have used this heuristic method to justify the validity of the spectral method to study the proton temperature profile in the particular conditions of TJ-II plasmas and also to justify that it provides local values equivalent to those delivered by the NPA. It is convenient to remark that the C 4+ temperatures, depicted in Fig. 1 (b) , agree quite well with CXRS local temperatures of C 6+ obtained in the same experimental campaign [13] .
The difference between C 4+ and proton temperatures is not exhibited in some sequences of discharges, such as those included in the plots of Fig. 2 . We observe in that sequence that for some discharges the C 4+ temperatures fall within the trend shown by the proton temperature data and that is true for several densities, as shown in the plot of Fig. 2 (a) . If we perform the plot of the same points as function of the soft X ray central-chord value, which represent a continuous indication of the discharge temperature, we can see in Fig. 2 (b) that the C 4+ temperature points which fall within the trend of the proton temperature correspond at discharge times where the electron temperature is lower. This observation that we have seen in more cases, in particular when the discharge shortens and the single shot trigger of the spectrometer CCD was not changed, indicates that significant and easily observable velocity 6 fluctuations capable of producing the reported effect are an intrinsic property of high temperature discharges of TJ-II, that may be not present below some threshold of the electron temperature. Consequently, the density is not the only key parameter to depict this effect.
Correlation with confinement features
In order to obtain spatially resolved information on turbulent velocities in the core of the TJ-II device, we have focus our study of the nonthermal velocities on NBI discharges with line-averaged densities beyond 1x10 19 m -3 . There are several reasons to choose this density range for the present purpose. First, the spectral signal available is much higher than in the ECRH phase, in particular with the lithium wall presently used in TJ-II, and therefore the statistical error bars are very small, what favors the use of equation (1) to deduce the "turbulence temperature". Second, the TJ-II central electron temperature in that density range is lower than in the ECRH phase, and ranging between 400 and 250 eV, what is very convenient since the C 4+ ion emits from the plasma interior and it is consequently a good probe of this effect in the core, whereas for its application in the ECRH phase would be indispensable to invert the chord averaged results in order to obtain local values, increasing the error propagation in the determination of the turbulence level through the formula (1).
We present in Fig. 3 (a) and (b) typical profiles of C 4+ and proton temperatures obtained by the spectral method, for two selected plasma densities. From the application of formula (1) to these data, we obtain the "turbulence temperature" profiles depicted in Fig. 3 The deduced turbulence profiles for the two cases. 
